We conducted a retrospective cohort study on clinical and mycological features of tinea pedis and tinea unguium in psychiatric inpatients in Japan. Of the 317 inpatients (152 with schizophrenia and 165 with depression), 46.1 % had tinea pedis and 23.7% had tinea unguium.
Introduction
Tinea pedis and tinea unguium are the most common dermatophytoses seen in the daily practice of dermatology. According to a report in JAPAN FOOT WEEK 2006, it is estimated that about 1 in 5 Japanese have tinea pedis and that about 1 in 10 have tinea unguium (1) .
According to the same report, 49% of the foot diseases of new dermatological outpatients were tinea pedis and/or tinea unguium. Another study indicates that patients with occult athlete's foot account for 25% of all new dermatological outpatients in Japan (2) . If interdigital lesions of tinea pedis are left untreated, severe complications, such as phlegmon, will develop. Worsening of tinea unguium can cause pain while walking, leading to a significant deterioration of the quality of daily life. Daily foot care is extremely important for patients with underlying diseases, such as diabetes mellitus, renal failure, and immunodeficiency.
Inpatients in a psychiatric hospital may have difficulty in taking care of themselves appropriately, including performing daily foot care. For a variety of reasons, including apathy or lack of interest, a psychiatric inpatient with tinea pedis might not be able to maintain the proper hygiene and foot care necessary to treat the disease, and the condition of the foot could worsen.
To our knowledge, however, there are few studies internationally regarding clinical and mycological features of tinea pedis and tinea unguium in psychiatric patients (3).
We conducted a retrospective cohort study on the clinical and mycological features of tinea pedis and tinea unguium in inpatients in a psychiatric hospital in Tokyo, Japan. Here we report the findings from that study.
Patients and methods
Patients: We performed a retrospective review of the medical charts of all patients with schizophrenia or depression who were admitted to Juntendo University Koshigaya Hospital, during a 2-year period from January 2008 to December 2009. Juntendo University Koshigaya
Hospital is a psychiatric hospital in Saitama prefecture. At admission or after cancellation of restriction almost all inpatients are examined by both internists and dermatologists, and the medical records note the presence or absence of tinea pedia and tinea unguium, along with the results of any clinical or mycological studies performed. We screened the records for patients who were positive for tinea pedis or tinea unguium. Ethics Board approval was not required for this study Methods: The results of any clinical or mycological studies are described in the medical records. Based on the description in the medical records, we conducted a retrospective study on the following items: sex, age, height, weight, and primary diagnosis that led to hospitalization (mainly schizophrenia and depression). When tinea pedis or tinea unguium was suspected, dermatologists collected specimens for mycological analysis from the sites of possible dermatophyte infection in the feet and toenails, and subjected them to direct microscopy in potassium hydroxide (KOH). When fungus elements were positive (KOH-positive), causative species were identified by culturing the fungi on Sabouraud's glucose agar.
Tinea unguium
The clinical types of tinea unguium were distal and lateral subungual onychomycoses (DLSO), superficial white onychomycosis (SWO), proximal subungual onychomycosis (PSO), and total dystrophic onychomycosis (TDO). The clinical symptoms of tinea unguium were primarily subungual hyperkeratosis, with the end nail plate becoming rough and fragile. Severity of tinea unguium was assessed using the SCIO score (5).
Tinea pedis
The Clinical symptoms of tinea pedis were itching, erythema, vesicles or pustules, maceration, erosion, scaling, and hyperkeratosis. The severity of each clinical symptom was assessed with ratings of 0 to 3 as follows: 0, absent; 1, mild; 2, moderate, and 3, severe. The total scores for clinical signs were then calculated.
As shown in Table 1 , the severity of tinea pedis was described by a combination of disease stage and area affected by lesions (6) . Three disease stages were recognized: (i) early stage, characterized by interdigital scaling and vesicles on the arch of the foot; (ii) middle stage, characterized by interdigital maceration and mild keratinization; and (iii) late stage, characterized by moderate or severe keratinization and complications with tinea unguium. The extent of the area affected by lesions was classified as (i) limited, i.e., lesions covering a part of interdigital areas and/or the arch of one foot; (ii) intermediate, i.e., lesions confined to one foot only, but covering the entire sole of one foot; and (iii) widespread, i.e., lesions affecting both feet. We made a database from these check points for this study. Statistical analysis was performed using the Student's t-test and chi-squared tests. patients; and 70 or older, 41 patients. The incidence rate of tinea pedis in the study population was 46.1%, and the incidence rate of tinea unguium was 23.7%. Additionally, 71(48.6%) of the 146 patients with tinea pedis also had tinea unguium.
Results

Incidence rates and clinical symptoms of tinea pedis and tinea unguium
No statistically significant differences in tinea unguium or tinea pedis incidence rates were observed between the patients with schizophrenia and those with depression or between men and women. In the overall study population, the mean clinical score for tinea pedis was 5.9, and the mean SCIO score for tinea unguium was 15.8.
The distribution of the total clinical score for tinea pedis peaked at a score of 6. Scores of 7 and higher due to high scores of scaling and hyperkeratosis were more frequently observed in patients with schizophrenia (Fig. 2) . Hyperkeratosis and ungual lesions on both feet, which indicate late-stage symptoms in the severity scoring system, were observed more frequently in patients with schizophrenia, compared to patients with depression (Fig. 3) . Clinical photo samples of hyperkeratotic type of tinea pedis of the patients with schizophrenia were shown in Within the total study population, the hyperkeratotic type of tinea pedis was prevalent, as shown by the following distribution of tenia pedis by clinical type: interdigital type, 51 patients (35%); interdigital type + hyperkeratotic type, 50 patients (34%); hyperkeratotic type, 31patients (21%); and vesicular type, 15 patients (10%). DLSO was the most prevalent clinical type of tinea unguium observed, detected in 43 patients (57%), followed by TDO (29 patients; 39%). SWO was observed in 3 women. We showed a clinical photo sample of DLSO of the patient with depression in Fig. 6 .
The incidence rates of tinea pedis and/or tinea unguium varied according to patient age, and the incidence rates differed between patients with schizophrenia and patients with depression. More than 60% of patients with schizophrenia in their 50's or in their 70's had tinea pedis and/or tinea unguium. For patients with schizophrenia, the incidence rate of co-infection with both tinea pedis and tinea unguium was highest (39%) in patients in their 50's ( Fig. 1-A) . Similarly, the incidence rates of tinea pedis and/or tinea unguium in patients with depression were highest (65%) in patients in their 50's. The incidence rate of the combination of tinea pedis and tinea unguium was highest in patients in their 70's (36%) (Fig. 1-B) .
Microscopic-positive specimens were cultured, and 52.1% (76/146) of the tinea pedis cases produced colonies. The clinical isolates included T. rubrum (68.4% ) and T. mentagrophytes (26.3%). By contrast, tinea unguium was culture-positive in only 24 of 75 patients (32.0%); in the 24 culture-positive cases, the clinical isolates were T. rubrum (70.8%) and T. mentagrophytes (29.2%) ( Table 2) .
Discussion
The incidence rates of tinea pedis and tinea unguium in outpatients vary depending on reports. According to the 2006 annual study report of the Epidemiological Investigation Committee for Human Mycoses in the Japanese Society for Medical Mycology( 7), 12.0% of dermatological outpatients had dermatophytoses, consisting primarily of tinea pedis (63%) and tinea unguium (34.1%). Another report concluded that one-quarter of the population is affected by tinea pedis, when occult cases are included (2) . According to the large-scale European study Achilles Foot Screening Project, the incidence rates of both tinea pedis and tinea unguium were each approximately 20% (8, 9) . According to a 10-year study from 1995 to 2004 in the United States, the incidence rates of tinea pedis and tinea unguium were 18.8% and 23.2%, respectively (10) . In Asia, a study investigating 2000 outpatients in Thailand (11) describes incidence rates of 3.8% and 1.7% for tinea pedis and onychomycosis, respectively, while a study in Hong Kong reported incidence rates of 20.4% for tinea pedis and 16.6% for tinea unguium (12) .
Various studies have examined the incidence rates of onychomycosis in patients with underlying diseases or in elderly patients. In one multicenter study, 550 patients with diabetes mellitus were examined, and the incidence rate of onychomycosis was found to be 26% (14) .
Among patients with peripheral circulatory insufficiency, onychomycosis was found in 22.4% of those with arterial diseases (15) and in 62.2% of those with venous diseases (16) .
Onychomycosis was reported in 30.3% of patients with HIV (17) . and Various reports point to the trend that incidence rates of tinea pedis and tinea unguium increase in middle-aged and elderly patients. For example, tinea pedis and tinea unguium were reported in 25% and 35% of individuals aged 65 years or older, respectively (18) .
All of the reports cited above focused on outpatients: virtually no reports have described the incidence rates in inpatients, with the exception of a few reports concerning incidence rates of tinea pedis and tinea unguium in inpatients with diabetes mellitus. A study investigating 267 inpatients with diabetes mellitus found incidence rates of 74.1% for tinea pedis and 48.7% for tinea unguium (13).
To our knowledge, internationally, very few studies have described tinea pedis and tinea unguium in patients with psychiatric diseases, in whom foot care is likely to be neglected because of psychiatric reasons. The present study is the first such study in Japan. In an earlier report from 1967, English et al. (3) examined 358 male long-term psychiatric inpatients and found tinea pedis and tinea unguium in 40.8% of the patients, with T. interdigitale (50%) and T. rubrum (26%) being the main causative species. These authors attributed the high incidence rate to environmental factors in the particular ward, such as a bath. Mookhoek et al. (19) investigated skin lesions in 91 psychiatric inpatients and reported skin diseases of some sort in 77% of the patients and dermatophytoses in 35.2% of the patients. In their study the high incidence rate of skin infections was attributed to the presence of many overweight patients or patients with diabetes mellitus. Kuruvila et al. (20) observed dermatophytoses in 24.4% of 300 patients with psychiatric diseases and reported high frequencies of tinea corporis and tinea cruris.
In this study, we observed tinea pedis and tinea unguium in 44.7% and 24.3%, respectively, of 152 psychiatric inpatients with schizophrenia. We found similar incidence rates of tinea pedis (47.3%) and tinea unguium (23.0%) in 165 psychiatric inpatients with depression.
The survey by Japan Foot Week 2006 reported that tinea pedis was observed in about 1 in 5 people and that tinea unguium was observed in about 1 in 10 people (1); thus, the incidence rates found in our present study are more than twice as high as those reported in the general Japanese population. Notably, the incidence rates we found in our study were lower than those reported for inpatients with diabetes mellitus (13) . We found no statistical differences in the incidence rates of tinea pedis and tinea unguium between men and women or between patients with schizophrenia and those with depression.
In investigating the causative agents of tinea pedis and/or tinea unguium, we found that 68% of the clinical isolates were T. rubrum and 26% T. mentagrophytes, producing a so-called TR/TM ratio of 2.6. This TR/TM ratio is higher than the TR/TM ratio of 1.7 reported by the Epidemiological Investigation Committee for Human Mycoses in the Japanese Society for Medical Mycology (7). In our study population the incidence rate of T. rubrum was relatively high, possibly a reflection of the fact that T. rubrum was isolated from hyperkeratotic-type tinea pedis in most of the patients with chronic schizophrenia.
Both tinea pedis and tinea unguium tended to get increasingly more severe in patients with chronic schizophrenia. Patients with psychiatric diseases often cannot take care of their feet properly, as their psychiatric symptoms can lead them to become apathetic or uninterested. This situation may explain why psychiatric patients tend to contract tinea pedis and/or tinea unguium and why their clinical symptoms worsen. In addition, these patients frequently engage in behaviors, such as constant walking, that place burden on their feet and increase the likelihood of easily contracting tinea pedis and tinea unguium. In our study, we frequently observed hyperkeratotic-type tinea pedis, and the prevalence of this clinical type may be related to the characteristics unique to patients with psychiatric diseases as described above. In conclusion, our study suggests that schizophrenia and depression, like diabetes mellitus and HIV infections, should be regarded as risk factors for tinea pedis and tinea unguium T.rubrum was isolated.
